WHAT'S KNOWN ON THIS SUBJECT: Juice consumption among 2-to 5-year-old children exceeds dietary recommendations. In 2007, the US Department of Agriculture revised the composition and quantities of prescribed foods in WIC food packages to align them with dietary guidelines. Juice allowances were reduced by approximately half.
WHAT'S KNOWN ON THIS SUBJECT: Juice consumption among 2-to 5-year-old children exceeds dietary recommendations. In 2007, the US Department of Agriculture revised the composition and quantities of prescribed foods in WIC food packages to align them with dietary guidelines. Juice allowances were reduced by approximately half.
WHAT THIS STUDY ADDS:
WIC participants purchased about a quarter less juice volume after implementation of the revised WIC packages. Large reductions in WIC-provided juice were only partly compensated for by extra juice purchases with non-WIC funds. Little compensation occurred for other beverages. METHODS: Scanner data from a New England supermarket chain were used to assess juice and other beverage purchases among 2137 WICparticipating households during a 2-year period (N = 36 051 household-months). Purchased beverage amounts were compared before (January-September 2009) and after (January-September 2010) implementation of the revised WIC packages. Generalized estimating equation models were used.
RESULTS:
Before the revisions, WIC juice accounted for two-thirds of purchased juice volume among WIC households. After implementation of the revisions, WIC juice purchases were reduced on par with allowance changes (43.5% of juice volume, 95% confidence interval [CI] 41.9%-45.1%). This reduction was only partly compensated for by an increase of 13.6% (8.4%-19.0%) in juice purchases using personal and other non-WIC funds. In total, juice purchases declined by 23.5% (21.4%-25.4%) from an adjusted monthly total of 238 oz to 182 oz per household. WIC households increased purchases of fruit drinks by 20.9% (14.9%-27.3%) and other noncarbonated beverages by 21.3% (12.1%-31.2%) but purchased 12.1% (8.1%-15.0%) less soft drinks.
CONCLUSIONS:
After the WIC revisions, total purchases of 100% juice among WIC households declined by about a quarter, with little compensation occurring from non-WIC funds for juice and other beverages. The public health impact of the shift in beverage purchase patterns could be significant. 6 Even after a considerable reduction, WIC still provides enough juice to meet the maximum recommended level of juice intake in young children. WIC-participating children almost certainly receive juice from other sources as well (eg, childcare, restaurants). 7 It is currently unknown how the reduced WIC juice allowances affected juice purchases and consumption among WIC participants. One hypothesis is that all or most of the reduction in WICprovided juice was substituted with increased juice purchases using non-WIC funds (eg, cash). If such compensation occurred, no significant changes in juice consumption would be observed. It is also possible that WIC participants chose to substitute the lost juice allowances from WIC with increased purchases of less nutritious beverages such as fruit drinks or soda, which would be an unintended negative consequence of the WIC revisions. These substitutes are never allowed by WIC but could appeal to participants due to their lower cost. This study describes the effect of the WIC food package revisions on supermarket purchases of 100% juice and other beverages among a panel of WIC-participating households in New England.
METHODS

Scanner Data
The data come from a New England supermarket chain with .60 stores in two states. The chain has a loyalty card system, which provides card users with access to store promotions. 
Participants
The sample is conditioned on WIC participation to provide a policy-relevant subset of low-income young families. Household WIC participation is determined based on the use of WIC benefits (ie, WIC purchase) at the chain. The panel is unbalanced as households joined the sample at different points in time; many did not shop at the chain every month. Approximately half of WIC households also used SNAP benefits. No data were collected for households that never participated in WIC due to income ineligibility or self-selection into nonparticipation.
In a pre-post design, the current study used data for households that participated in WIC before and after the WIC revisions implementation in October 2009. Households were selected if they used WIC benefits during JanuarySeptember 2009 and January-September 2010, excluding a 3-month transition period after the implementation to avoid misinterpretation of data.1* The WIC sample with pre-post data were also restricted to households using WIC benefits regularly (ie, at least once in each of the 3 quarters in 2009 and 2010). Each household' s purchases were aggregated at the monthly level; if *Old WIC checks were allowed for redemption up to 3 months after implementation.
a household made multiple purchases that month, they were summed. The final sample included 2137 WIC households providing 36 051 observation-months.
Beverage Identification
The grocery chain provided data on all products sold at the store, including 392 119 Universal Product Codes (UPCs) and Price-Look Up codes for products sold by weight. All beverages purchased were selected and coded for their container size, beverage type, and sweetener type. Two coders independently performed cross-verification of beverage UPCs using data from the store UPC description, ingredient lists in the Gladson' s Nutrition Database, 8 or Internet searches for UPCs or brand names. A total of 615 UPCs were identified as 100% fresh (concentrate or not) or as frozen fruit or vegetable juice, all without added sweeteners. More details on beverage identification and categorization are available elsewhere. 9 
Outcome Variables
The primary outcome was total volume (or amount) of 100% juice purchased in a given month, measured in fluid ounces. In addition, juice purchases were distinguished by payment type, such as the amount of juice purchased with WIC benefits, juice purchased with personal funds or cash assistance, and juice purchased with SNAP benefits. The study also assessed changes in the purchased amounts of fruit drinks, soft drinks, bottled water, and new age beverages (ie, sports drinks, energy drinks, flavored water, and ready-todrink tea and coffee).
Predictor Variables
The main predictor was an indicator variable for preimplementation and postimplementation periods of the WIC food package revisions: JanuarySeptember 2009 and JanuarySeptember 2010, respectively. A set of household-level monthly variables included indicators for the state of the store location, household' s SNAP participation, and receipt of nonfood cash assistance (assessed based on using nonfood EBT). Total household monthly grocery expenditure was included to account for differences in available grocery funds for shopping at the grocery chain. Finally, a set of storelevel variables was included to capture differences in the socioeconomic composition of the areas surrounding supermarkets, which may reflect neighborhood differences in prices and product selection and marketing, as well as to serve as proxies for unobserved household-level sociodemographics. Each store was linked to a census tract where it was located, with the census-level 5-year estimates over 2006-2010 American Community Survey data 10 extracted for each tract. The average of census-tract measures was calculated for household members shopping in multiple stores.
Regression Analysis
Because the outcome variables are nonnegative and positively skewed, generalized linear models from the Poisson family with a logarithmic link function 11 were used. To account for repeated observations within households, the models were estimated using generalized estimating equations 12 with an exchangeable working correlation and robust SEs. Each outcome was evaluated in 2 models. The first model included a binary indicator for the implementation period to estimate the adjusted mean difference between the 2 periods, controlling for covariates. The model can be written as:
where PERIOD it is a period indicator (coded 1 for postimplementation);
STATE it is an indicator for the state in which household i shopped; SNAP it indicates SNAP participation for household i at time t, EBT it is receipt of nonfood cash assistance by household i at time t, TOTEXP it is total grocery expenditure for household i at time t, and T it is a set of 8 indicator variables for the month of purchase. C it denotes a vector of store-level sociodemographic covariates, reported in Table 1 .
The second model analyzed temporal aspects within and between the 2 periods to rule out potential market trends, which could coincide with implementation of the WIC revisions. This was assessed by including a month of the year as a continuous covariate with second-and third-degree polynomials and interaction terms between the month and the implementation period to check whether the fitted slopes differed across the 2 periods. The model selection included 2 steps: models with the second-and thirddegree polynomials were fit to the data, and the best fit was determined based on the quasi-likelihood under the independence model information criterion and graphical and substantial assessments of the model fit. 12 In the next step, interaction terms with time periods were built to test whether either quadratic or cubic slopes were statistically significantly different across the 2 periods. If this was not the case, the model without interaction terms was used. In addition, graphic inspections of the model fit were used to check if a more parsimonious model was justified.
RESULTS
Before the implementation of the WIC revisions, WIC households purchased on average 236 oz of 100% juice per month, including 155 oz purchased with WIC benefits ( new WIC packages were implemented, WIC households purchased much less juice in total and with WIC benefits in particular, an average monthly volume of 174 and 84 oz, respectively. Juice purchases with personal funds remained flat, whereas monthly purchases with SNAP benefits by SNAP households increased by 9 oz. At the same time, purchases of less nutritious fruit drinks increased between the 2 periods, from 72 to 84 oz/mo, on average. A similar trend was seen for new age beverages (76 to 89 oz). There was a considerable decline in purchases of the largest category of refreshment beverages, soft drinks, which decreased from 277 to 236 oz, potentially reflecting ongoing market trends of shifting away from soda. 13, 14 WIC participants also reduced amounts of bottled water from 122 to 101 oz. Figure 1 presents unadjusted data on purchased monthly amounts of 100% juice and other beverages in January 2009-September 2010. The expected seasonal variation reflects the peaks in purchases in July-August for all beverages and troughs in JanuaryFebruary for fruit drinks and other refreshment beverages, similar to general market trends. 15 In contrast, 100% juice had higher than average purchases in January, especially in 2009.
Estimation results of the pre-post implementation differences in purchases are reported in The effects were similar among WIC households also using SNAP benefits ( Figures 2 and 3 present estimation results from the time-slope models that control for temporal trends in the data. They show the marginal predictions and their confidence intervals at discrete points in time, averaged across other covariates in the model. The figures depicts a significant reduction in WIC-provided (Fig 2A) and total juice purchases (Fig 2D) between the 2 periods of analysis. Fruit drinks increased significantly during this time (Fig 3A) , but baseline purchase levels were low and the monthly average increase was ∼10 oz. There was no shift of purchases to other beverages such as soft drinks (Fig 3B) or bottled water (Fig 3C) . A slight increase was observed for new age beverages (Fig 3D) , which likely reflects a general market trend rather than a substitution effect. Purchases of energy drinks, sports drinks, and teas have been increasing rapidly over the past years while consumers have been shifting away from soft drinks. 13 
DISCUSSION
The current analysis shows that WICparticipating households purchased about a quarter less juice volume after implementation of the revised WIC food packages. Large reductions in WICprovided juice were only partly compensated for by juice purchases with non-WIC-provided funds. This indicates that WIC participants did not seek to purchase the amounts of juice provided by WIC before the food package revisions. This conclusion echoes previous data documenting that WICparticipating children were receiving excessive amounts of 100% juice before the WIC revisions (9.5oz/d), almost twice the American Academy of Pediatrics-recommended daily limit for preschool-age children. 7, 16 To our knowledge, this is the first analysis to document changes in juice purchases among WIC participants after the WIC revisions.
Another important finding of this study is that the WIC revisions were not accompanied by unintended negative consequences of the policy change, such as a dramatic increase in purchases of cheaper and less nutritious beverage substitutes. An increase in purchases of fruit drinks and new age beverages was overcompensated by reduced purchases of soft drinks, most of which were sugar-sweetened. 9, 17 Reductions in soft drink purchases could reflect ongoing market trends (soft drink sales have been declining since 2004, especially in the past several years 17 ) or WIC success in nutrition education of participants. A reduction in juice and sugar consumption among WIC participants was one of the goals for the revisions in the WIC food packages. 2 The current study documents WIC success in this domain, at least among WIC-participating households in New England. This is an important public health achievement given the high prevalence of obesity in very young children, particularly from low-income families. 18 Although 100% fruit juices are widely marketed as healthy beverages, 19 their caloric content is similar to one of sodas, and they lack fiber present in whole fruit. Excessive consumption of 100% juice has been associated with increased risk of weight gain [20] [21] [22] and dental caries. 22 Mounting evidence supports the role of limiting consumption of 100% juice and other energy-dense beverages, in part because liquid carbohydrates from beverages are poorly compensated for by reduced caloric intake elsewhere 23, 24 In addition, a recommended daily limit does not imply that children should consume juice on a daily basis. According to the American Academy of Pediatrics, juice offers no nutritional advantage over whole fruit for children .6 months old.
Exposure to significant amounts of energy-dense sweet beverages is particularly concerning in young children. The sweet taste of beverages makes them more palatable than water, and children like sweet foods. Frequent consumption of sweet beverages, including 100% juice, could affect children' s taste sensitivity and make them . New age beverages include energy drinks, sports drinks, flavored water, and ready-to-drink tea and coffee. Fruit drinks and other refreshment beverages cannot be purchased with WIC benefits; SNAP households refer to households using SNAP benefits on the month of analysis; *P , .05; **P , .01; ***P , .001. more averse to less sweet foods. 25 Water and low-fat milk could be convenient alternatives to energy-sense sweet beverages. More work is necessary to educate parents about healthy beverage options for their children. Pediatricians, dentists, and WIC nutritionists can play a crucial role in informing parents about healthy beverages for their children. The WIC program has already improved beverage consumption among WIC participants through nutrition education and the revisions in WIC packages.
Continuing efforts are important to maintain focus on reducing sugar and caloric beverage intake in youth.
This study has a number of strengths. It used unique data on grocery purchases of .2000 WIC-participating households during the pre-post implementation period. The source of payment for groceries was available to examine the use of WIC and SNAP benefits along with personal funds. Generalized estimating equation models were used to assess changes in beverage purchases of WIC households. The analysis was also subject to limitations. Data were from two New England states, which may differ in beverage purchase patterns from other regions. For example, per capita purchases of 100% juice were considerably higher in the northeast than in the southwest or south, while soft drink consumption in the south and west central region was more than double that observed in the Pacific area in 2008. 14, 17 Given the lower baseline juice allowances in Connecticut and Massachusetts, the implementation effects could be more significant in states with higher baseline allowances and larger relative reductions in juice after the revisions. In addition, no household sociodemographic characteristics were available in this study, including no data about how juice and other beverage consumption was partitioned between members of WIC households. Finally, these data reflect purchase behaviors at a single grocery chain and do not represent all household beverage purchases and actual beverage consumption by the household or individual WIC participants.
CONCLUSIONS
These data support the positive impact of the revised WIC food packages on overall purchases of 100% juice by WICparticipating households. Importantly, decreased juice purchases do not appear to be offset by an increase in the purchase of other caloric, less healthy beverages, such as soda. On a population level, such
FIGURE 3
Predicted purchases of other beverage (marginal volumes and their 95% CIs) before and after implementation of the WIC food package revisions. Soft drinks are carbonated diet and regular soft drinks; new age beverages include energy drinks, sports drinks, flavored water, and ready-to-drink tea and coffee.
a shift in beverage purchase patterns could significantly affect health outcomes related to excessive consumption of caloric beverages in vulnerable populations. Future research should explore the impact of the revised WIC food packages on dietary intake in WIC participants nationwide.
